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e have recently considered the equation of state, the cohesiw

energy density and the limiting internal pressure at atmospheric nressure
for oligomer and polymer ligquids in terms of cell theory and in relation
to the principle of corresponding states,l9?
Experimental isotherms at elevated pressures are well describedd s

by the emnirical Teit ecuation, viz.:

1= Y/Vo = Cln (1 + p/3) (1)
where Vo represents the initiael volume at p = 1 baw =0, Avnlication of eq.
(1) to hydrocarbons of varving molecular structures and weights in the lu-

bricating range“

indicates that the parameter B is a function of temverature
and depends on the specific system. The parameter C, on the other hand, hes
a universal value of 0.08936 for all the hvdrocarbons investigated," inde=
pendent of structure or temperature.

Some years ago, Simha and Nadden® showed that the cell theory in the
formulation of Prigocine et 21,5 leads to an approximately constant value of
C, whereas B should be related to the cohesive enersy density. IHowever, they
used several expansions in respect to cheinlensgth and volume ratio and found
c= }/h which is too large. The purrnose of this note is to clarify the rela-
tion between the Tait parameters and the theoretical equation of state, Ve
shall make use of the square well anoroximation to the cell potential.2 It
turns out that both the constancy and the numerical value of C are accounted
for quite well by the theory.

From eq. (1) there follows:

VoC = -(ap/BV)T/(BZpIBVZ)T; 3= (3p/3V);/(azp/3V2)T -p (2)
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Provided the principle of corresponding states is valid at finite pressure,
eq. (2) can be cast in the reduced form:

VoC = =( azs/a?f);/(azg/a?z‘z)g; 5/(qze*/V*) = ¥ = ( a%s/av)%/(a2 /0V2)y -8 (2a)
The reduced variables and the ratio qze*/V¥ are defined as vreviously.
Thus C must be a universal function of the reduced varigbles, whereas B, a
characteristic pressure quantity, is specific for the system. The actual
behavior of C and B can be analyzed by direct reference to the equation of

2
state.  With eq. (2a) it yields for ¥ + O:

&

(21/5.3)“1¥ V‘l/3x'2+23‘2(h.ohh@*z-z.ho9)

- , (3)
¢ (21/6,0.9)-1% ¥-1/3x=24(21/3 },5)-1% v-2/3 x-3:+¥]56.616V-2-24.090)

370 = (21/6.3)-1% V-1/3g=24 2¥-2(k.0uV-2 -2.409)

Here X = (1- 2'1/6 ¥-17/3) ang V and T are connected by eq. (3), ref, 2.

Fig. 1 shows C and g as a function of ; or ¥. Vle note that

0.104 > C > 0,090 for 0.0k2 5.% < 0.123. This encompasses a considerably
wider temverature range than the exverimentel range over which eq, (1) was
tested.* The theoretical % - function is also »nlotted in Fig. 1 and conm-
pared with the experimental g for n-ventadecane, The numerical value of the
scale factor qze*/V* was chosen to give an exact fit for the experimental %
at 44.2°C (V = 1.150) viz. 4878 bar, as compared with 4692 derived from
the cohesive energy densitvy.2 A reasonable representation of the B-function
thus results from the theory. ‘le note, moreover, from the figure that the
limiting compressibility C/B is about 107 higher than is observed for n-C;s

Ay
in the region of validity of the theory, V<1.20.2

Similar comparisons of the Tait parameters at eleveted pressures could
be carried out. This would be equivalent to a comparison of experimental and

theoretical isotherms at elevated oressures. Such a comparison was actually
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(o]
made for n-pentadecane and n-octadecane below 100 C, the recion in which

simnle cell theory is applicable to these compounds.2

A satisfactory
reoresentation of the experimental data up to about 700 bars is nossible.
However the numerical value of the nressure narameter aze*/V¥ required is
gbout 167 higher than that derived sbove from the temperesture dencndence
of 3, A variation of the parameters in the interwretation of different
properties by means of an aporoximete theorvy is to be exnected. However,
a fuller discussion of the equation of state at elevated pressures is pre=-
ferably postnoned, until a better reoresentation of internal n»ressure and
compressibilitye at low nressures is achieved.
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leczend for Finure
Fig., 1. Variation of Teit parameters with reduced volume or temperature at

atmospheric pressure. Dashed line C, experimental. A Ixperimental
A" [
3 for n- C;5, tempereture range 38 - 120 C, 3ars indicate high

temperature limit of theory.z
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